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Fixed-i subtracted dispersion relations are presented for Compton scattering off the 
nucleon at energies E 1 < 500 MeV, as a formalism to extract the nucleon polariz- 
abilities with a minimum of model dependence. The scalar polarizability difference 
a — P and the backward spin polarizability enter directly as fit parameters in 
this formalism. 
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^ Compton scattering off the nucleon is determined by 6 independent helicity amplitudes Aj (i = 
. . . , 6), which are functions of two Lorentz invariants, t and v = E l ^ b + £/4M. In the limit v — > 0, 
Q^he leading term in the expansion in v is determined by ground state properties of the nucleon, i.e. its 
charge, mass and anomalous magnetic moment. The internal structure of the nucleon shows up only 
P&t order v 2 and can be parametrized in terms of polarizabilities. 

^Following the conventions of Ref. 0, we start with the unsubtracted dispersion relations (DR) for the 
T invariant amplitudes A,(V, t) at fixed value of the variable t: 

<3 ■ ReA^t) = Af(z/,t) + -V \ dp' a A ' > , (1) 

^here Af are the Born contributions and twis the threshold of pion photoproduction in the s-channel. 
^jjnfortunately for the two amplitudes A± and A 2 , the unsubtracted DR do not converge. In order to 
^ivoid these convergency problems, we consider DR at fixed t that are once subtracted at v = [0], 
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ReAifot) = Afti/.t) + A ; (0,t) - Af(0,t) + -v 2 V / di/ T( /2 ' 1 1 . (2) 

J 7T Ji/ thl V ( V — V ) 



The subtraction gives two additional powers of energy in the denominator in (2), which ensures the 
convergence of all 6 dispersion integrals. The price to pay is the appearance of six unknown subtraction 
functions, Aj(0, t) — Af (0, t), which we again determine by once-subtracted DR, this time in t at fixed 
v = 0: 

Af B (0,t) = Af B (0,0) + [Ar polc (0,t) - Ar polc (0,0)l + - f°° dt' ImAi( °' ^ ■ (3) 

L ' J 7T Jt thl V(V - t) 

Here Af B (u, t) = Aj(z/, t) — Af (is, t), and A* _polc (0,t) represents the contribution of poles in the t- 
channel, in particular the ir° pole in the case of A 2 . 

The unitarity relation ImT = ^ x T(i,X) ■ T*(f,X), where i and / are initial and final states, and 
X denotes all the possible intermediate states, relates ImAj to the pion photoproduction multipoles 
(HDT analysis at E l f < 500MeV and SAID solution SP98K from 500MeV to 1.5GeV) in the s-channel 
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and to the amplitudes for the subprocesses 77 — > tttt and nix —* NN in the t-channel. For 77 — > txtx 
we take the Born amplitude with unitarized s and c/-waves and for — > NN the extrapolation of 
the 7rN scattering amplitude in the unphysical region ||. Thanks to the subtraction, the dispersion 
integrals converge quite fast. Thus, the higher energy contributions are small and can be estimated by 
simple models (e.g. the resonant part of 7T7tN intermediate states is included in the s-channel integral). 
The subtraction constants Af B (0,0) are directly related to the nucleon polarizabilities. Four of them 
(i = 3,. . .,6) can be calculated from the unsubtracted dispersion relations (1) at v = t = 0. The other 
two, Af B (0, 0) ~ {a — f3) and A^ B (0, 0) ~ 7^, are used as fit parameters in the present formalism. The 
forward scalar polarizability a + (3 is fixed to 13.69-10 _4 /m 3 ||. In Fig.l we show the cm. differential 
cross section as function of the cm. scattering angle at the lab photon energy 182 MeV in comparison 
with the experimental data of Ref . . 
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Figure 1: 

The left picture displays the sensitivity of the angular distribution to varying a — (3 around 8 (in units 
of 10 _4 /m 3 ) at fixed 7^ = — 37(in units of 10 _4 /m 4 ), results are shown for a — (3 = 8 (solid line), 10 
(dashed line), and 6 (dotted line). The right picture displays the sensitivity of the angular distribution 
to varying 7^ at fixed a — (3 = 10, results are shown for 7^ = —32 (solid line), -27 |J (dashed line), 
and -37 f| (dotted line). 
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